Astrocasia Robinson and Millspaugh, a small genus of five neotropical species, belongs to the subfam. Phyllanthoideae. The genus was described by Robinson and Millspaugh (in Millspaugh 1905) on the basis of a plant collected in Yucatan by Seler. The authors noted that their new genus resembled species of Phyllanthus L., but differed in having a well-developed corolla. The Yucatan species had, in fact, been earlier described by Grisebach (1859) as Phyllanthus tremulus, based on a collection from Jamaica. Mueller Argoviensis (1863, 1866, 1873 ) created a new sect. Ciccopeltandra within Phyllanthus to accommodate his Phyllanthus jacobinernsis from Bahia, Brazil; this Brazilian plant is clearly congeneric with the Jamaican one. Neither Robinson and Millspaugh (in Millspaugh 1905) nor Pax and Hoffmann (1922) appear to have been aware of these earlier treatments of the genus. Johnston (1923) and Standley (in Ferris 1927) added two more species from Mexico, giving the impression that Astrocasia is a genus of Mexico and the Greater Antilles. Study of specimens now available, however, shows that Astrocasia extends to South America and includes a total of at least five species.
MORPHOLOGICALLY IMPORTANT CHARACTERS
In overall vegetative characters species of Astrocasia are mostly similar, with alternate, stipulate, long-petiolate blunt leaves; only A. austinii (Standley) Webster, comb. nov., diverges notably in its relatively elongated caudate-acuminate leaf blades. The leaves of A. peltata Standley mostly have a peltate leaf-base, although this character is variable, and very narrowly peltate leaf bases occur in other species (A. austinii, A. neurocarpa (Muell. Arg.) I. M. Johnston ex Standley).
A particularly useful diagnostic foliar character in Astrocasia is the cuticular wax pattern on the abaxial (under) side of the leaf blades. As Rogers and Appan (1973) found for Manihot Miller, each species of Astrocasia has a distinctive cuticular "fingerprint." The prevalent pattern in most species is the pustulate ( fig. 1A) , with rounded, often closely packed, waxy protuberances. In the widespread A. tremula (Griseb.) Webster of Central America and West Indies, the pattern is distinctly verruculose (fig. 1B); this is particularly useful in distinguishing A. tremula from the closely related A. peltata. In A. neurocarpa, the most xeromorphic species, there is only a scanty waxy layer, and the abaxial surface appears smooth ( fig. 1C ). Although methods of specimen preparation (perhaps temperature during drying) may modify or sometimes obscure these cuticular characters, they nevertheless appear to be valuable for identifying vegetative material and in separating species.
The inflorescence in Astrocasia is always axillary, and flowers are produced from highly condensed axes that may be described as "glomerules"; staminate flowers may be produced in considerable numbers (often more than 10), whereas there are only 1-3 pistillate flowers per cluster. In general, species of Astrocasia appear to be dioecious; at least, herbarium specimens are nearly always unisexual. A curious deviation, however, is found in A. tremula, where both in Jamaica and in Central America collectors have observed what may be termed "modular dioecism": staminate and pistillate flowers can occur on the same plant, but always on dif- ferent branches. In other species, such as A. neurocarpa, all plants appear to be strictly unisexual, although it is impossible to be certain about this until more observations are made in the field. The flowers are similar in all species of Astrocasia (figs. 2, 3). The calyx of both staminate and pistillate flowers is characteristic, with small, more indurate outer sepals that contrast with the larger and thinner inner sepals; this recalls the heterogeneity in the sepals of Savia dictyocarpa Muell. Arg. (Webster 1982) and Flueggea schuechiana (Muell. Arg.) Webster (Webster 1984) . The androecium of the type species, Astrocasia tremula, and its related Mexican congeners A. neurocarpa and A. peltata, is distinctive within the tribe Phyllantheae in having five anthers encircling a discoid pistillode atop the staminal column. The Guatemalan A. austinii is similar except that there are only three stamens instead of five. Most divergent is the androecium of A. jacobinensis (Muell. Arg.) Webster, comb. nov., in which the four or five anthers are distinctly stalked, and the pistillode is stipitate. Judging by the prevalent androecial configurations in the Wielandieae and other Phyllantheae, it appears that the androecium of A. jacobinensis may represent the least modified condition.
The pistillate flower of Astrocasia has a perianth and disk similar to those of the staminate. The sepals and petals are early deciduous, as in Savia Willd., but in contrast to Flueggea Willd. or Phyllanthus, in which the pistillate sepals are usually persistent under the fruit. In this respect Astrocasia appears somewhat intermediate between the tribes Wielandieae and Phyllantheae. The gynoecium in Astrocasia is similar in most species, with a glabrous 3-locular ovary and three more-or-less free bifid styles; A. tremula is divergent in having deflexed, more-orless stigmatiform style-branches.
The fruit of Astrocasia is an explosively dehiscent capsule that shatters and leaves a persistent columella. The seeds may be single or paired in each coccus, and have a smooth to slightly roughened seed-coat except in A. austinii, where the seed coat is deeply and prominently rugose. Most of the species of Astrocasia are found in lowland tropical forest or woodland with pronounced seasonality in precipitation. In Mexico, A. tremula and its vicariant A. peltata occur in deciduous woodlands ("selva baja caducifolia" of Rzedowski 1978) . According to Rzedowski (1959) , A. neurocarpa in San Luis Potosi is characteristic of the "matorral submontano," a scrubby vegetation of higher elevations (800-1700 m). In Bahia, Brazil, A. jacobinensis grows in tropical deciduous woodland reminiscent of that found in Mexico. All of these species appear to be distinctly calciphilous, for limestone is invariably noted by collectors as the parent rock type. Only A. austinii, in the lowland rainforests of northern Guatemala, diverges markedly in its ecological niche.
The overall distribution of Astrocasia is bimodal, with a Mexican center extending into Guatemala and the Greater Antilles, and a disjunct South American area (figs. 4, 5) . The morphologically least specialized species, A. jacobinensis, appears to have a disjunct distribution, with a single station in Bolivia and a rather restricted occurrence in the lowland seasonal forests of northeastern Brazil. Between Guatemala and Bolivia, Astrocasia was not recorded until recent collections in Panama and Venezuela that appear to represent disjunct stations of A. tremula. It is difficult to provide a plausible scenario for this evidently relict distribution, but I think it most likely that Astrocasia originated in South America and later spread to Mesoamerica, where it differentiated mainly in Mexico. The Panamanian and Venezuelan populations of A. tremula might perhaps reflect displacements that occurred during Pleistocene climatic changes.
AFFINITIES
Because Astrocasia is endemic to the New World, its affinities might be expected to fall with other neotropical genera of subfam. Phyllanthoideae. In my system of tribes of that subfamily (Webster 1975) , Astrocasia was referred (with some hesitation) to tribe Wielandieae because of some floral resemblances with genera such as Heywoodia Sim, and Savia. However, the palynological studies of Punt (1962) and Kohler (1965) , and the leaf anatomical investigations of Levin (1986) , support a closer affinity between Astrocasia and genera of the tribe Phyllantheae. I now concur with this viewpoint, but would suggest that Astrocasia should be referred to a monotypic subtribe of Phyllantheae.
Among the genera of tribe Phyllantheae, the closest morphologically appears to be Meineckia Baillon, which is similar in aspect and flowers, and differs mainly in its apetaly and deeply pitted seeds. There is a striking resemblance in habit between Astrocasia austinii and the geographically proximate species Meineckia bartlettii (Standley) Webster, and M. capillipes (Blake) Webster; it remains unclear whether this reflects close phylogenetic affinity or ecological convergence. Glabrous trees or shrubs; ultimate axes not deciduous; foliage deciduous or evergreen; leaves alternate, petiolate; blade entire, pinnately veined or sometimes 3-5-veined at the base, chartaceous to coriaceous, sometimes peltate or stipellate at the base; stipules ribbed, deciduous. Monoecious or dioecious (when monoecious the staminate and pistillate flowers often on separate branches); flowers axillary, in glomerules of several to many staminate or 1-3 pistillate flowers. Staminate flower pedicellate; sepals 5, usually unequal, the outer smaller and more indurate; petals 5, longer than the sepals, prominently veined; disk annular or shallowly patelliform; stamens 3-5; filaments connate into a column; anthers sessile or stipitate atop the column, extrorse in bud, horizontal or deflexed; pollen grains subglobose, 3-colporate, the exine reticulate, the colpi elongated with well-defined germ pores, pistillode disciform, sessile or stipitate atop the staminal column. Pistillate flower long-pedicellate; sepals and petals similar to the staminate, soon deciduous; disk annular to cupular; ovary 3-locular (very rarely 4-locular); styles free, bifid, the tips spreading or deflexed; ovules 2 per locule, anatropous, obturator massive. Fruit capsular, thinwalled; columella slender, persistent; seeds 1 or 2 per locule; seed-coat dry, smooth or roughened, the raphe conspicuous; endosperm copious; embryo straight, the cotyledons thin, flat, without chlorophyll, much longer and broader than the radicle.
As Shrub or small tree 2-5 m high; flowering branches 1-2 mm thick; foliage deciduous. Leaves with stipules 2-4 mm long; petiole (0.5)1-2.5 cm long; blade chartaceous, elliptic to obovate, obtuse or rounded at the tip, cuneate to rounded or subcordate at the base, (2)4-11 cm long, (1.5)2.5-5.5 cm broad; lateral veins 7-10 per side, ascending, tertiary veinlet network irregular (not markedly scalariform), ultimate veinlets forming angular areoles; abaxial cuticular pattern pustulate; margins slightly thickened, plane; stipels narrowly lanceolate, up to 0.5 mm long, often reduced or absent. Flowers solitary or in clusters. Staminate flower: pedicel 5-10 mm long; sepals 5 (rarely 4), unequal, 0.8-1.2 mm long, 0.5-1 mm broad; petals obovateoblong, 2.2-2.5 mm long, 1-1.3 mm broad; disk entire, undulate, nearly flat, 1-1.5 mm across; stamens 5 (rarely 4), androecium ca. 1 mm across; staminal column 0.6-0.8 mm high; anthers more or less stipitate and deflexed, 0.3-0.5 mm broad; pistillode 0.4-0.6 mm across, more-or-less stipitate (0.1-0.3 mm) above the top of the staminal column. Pistillate flower: pedicel becoming (20)30-45 mm long, slender (0.15-0.25 mm thick medianly, 0.5-0.7 mm thick distally); sepals lanceolate, 1-1.5 mm long; petals broadly elliptic, 2.5-2.8 mm long, 1.9-2.2 mm broad; styles slender, bifid, 0.6-0.7 mm long. Fruits not seen intact; valves distinctly veiny, ca. 6 mm long; seeds ellipsoidal, rugose, 2.8-3.6 mm long, 2-3 mm broad. [Volume 17 Distribution. Deciduous forest, disjunct between Bolivia and Bahia, Brazil. The species is common in the "mata seca" (deciduous or thorn forest), where it is found at low elevations (below 100 m) on limestone. This species has been confused in the botanical literature because Phyllanthus inaequalis and P. jacobinensis were originally known only from staminate specimens. Mueller Argoviensis (1863) made P. jacobinensis the type of his sect. Ciccopeltandra, the choice of name indicating his intuition that the plant was related to his sect. Peltandra (=Meineckia). Rusby, in describing P. inaequalis, compared it with P. nutans Sw. of Jamaica and the Amazonian P. martii Muell. Arg., neither of which are particularly similar. Both Mueller and Rusby, perhaps because of inadequate material, interpreted the flowers as being apetalous.
Recent collections from Bahia, and in particular the field assistance of Sr. Luciano Queiroz, now permit for the first time an accurate description of the floral morphology; this clearly indicates that the plant belongs to Astrocasia. Despite the great geographical disjunction, the single collection from Bolivia does not appear to differ from the Bahia specimens in any significant way. Both the Bolivian and Brazilian specimens show flowers with four and five stamens on the same branch, an unusual feature not observed in any other species (Rusby reported "6 or more" stamens, but this could not be confirmed).
The staminate flowers of A. jacobinensis are distinctive not only in the variation in stamen number, but also in the less-than-complete fusion of the filaments and pistillode, so that both anthers and pistillode appear stipitate; the anthers tend to be deflexed, quite unlike those of other species, which are strictly horizontal. The seeds, mostly less than 3.5 mm long, are distinctly smaller than those of the other species.
As the key indicates, the closest species to A. jacobinensis in overall morphological features is the Mexican A. peltata. However, that species differs in a number of features, including its usually peltate leaf base, androecium with subsessile anthers, and larger seeds. The gap is sufficiently large that A. peltata cannot be unqualifiedly regarded as the sister species. Shrub or small tree 2-5 m high; foliage deciduous. Leaves with stipules (2.5)4-7.5 mm long; petiole slender, 1.5-4.5 mm long, peltately inserted on the blade (except some on smaller leaves); blade firmly chartaceous to subcoriaceous, suborbicular to broadly obcuneate, obtuse to rounded at the tip, rounded below the peltate insertion of the petiole, (1)2-10 cm long, (1)2.5-8 cm broad (often broader than long); major veins on each side above, veinlets prominently reticulate beneath; abaxial cuticular pattern pustulate (or sometimes nearly smooth); margins thickened but scarcely revolute; stipels absent. Flowers mostly solitary. Staminate flower: pedicel 6-7 mm long; sepals oblong, thin, ca. 1.5-1.6 mm long and 1.8 mm broad; disk ca. 0.3 mm high, 1.2 mm broad; stamens 5, androecium ca. 1.2 mm across; staminal column ca. 0.4 mm high, pistillode more or less sessile, 0.6 mm broad. Pistillate flower: pedicel becoming (25)30-60 mm long, 0.4-0.5 mm medianly, 1-1.5 mm thick distally; sepals and petals not seen. Fruit oblate, 10-10.5 mm across; valves 8.3-8.7 mm long; columella 4.5-4.8 mm long; seeds plano-convex or ellipsoidal, smooth, 3.9-4.8 mm long, 3.4-3.9 mm broad.
Distribution. Deciduous or semi-deciduous forest or woodland, coastal limestone hills of Jalisco, Islas Tres Marias, and with an isolated population disjunct in Sinaloa near Mazatl'an.
Representative specimens examined. MEXICO. Jalisco: Mun. La Huerta, deciduous woodlands, Estaci6n Bio- elliptic, acute or obtuse at the tip, broadly cuneate to rounded and sometimes very narrowly peltate at the base, 5-13 cm long, 2.5-9 cm broad; major veins 5-9 on a side, ascending brochidodromous; veinlets prominent beneath; abaxial cuticular pattern verruculose; margins plane or narrowly revolute; stipels scarious, 0.3-0.5 mm long, free or fused, sometimes obsolete. Flowers in glomerules, expanding with the leaves; staminate flowers many per glomerule, pistillate flowers 1-3. Staminate flower: pedicel 8-20 mm long; sepals broadly elliptic to oblonglanceolate, 1.2-1.5 mm long, 1.2-1.8 mm broad; petals elliptic to oblong-lanceolate, 2.5-3.5 mm long, 0.8-1.1 mm broad; disk cupuliform, fluted, 0.4-0.5 mm high, 0.9-1.8 mm broad; stamens 5, the androecium 0.8-0.9 mm across; anthers horizontal, 0.4 mm across; pistillode sessile, 0.5-0.6 mm across. Pistillate flower: pedicel becoming (25)30-55 mm long, 0.4-0.6 mm broad medianly, 1.5-2.2 mm broad distally, often lenticellate; sepals orbicular to elliptic, 1.7-2.5 mm long, 1.5-2 mm broad; petals obovate-oblong, 3.5-4.2 mm long, 1.5-1.7 mm broad; disk cupular, the margin undulate, 0.5-1 mm high and 2-2.5 mm broad; styles 0.5-0.6 mm long, thickened, the recurved tips clavate. Fruits oblate, 3-angled, reticulate-venose, ca. 10 mm in diameter; columella 3.2-3.5 mm high; seeds plano-convex, smooth, yellowish, 3.4-5 mm long, 3-4.5 mm broad.
Distribution. Deciduous forest, usually on limestone, sea level to 500 m, Mexico, Belize, northern Guatemala, Jamaica, eastern Cuba, and Cayman Islands; disjunct to Panama, Venezuela. Astrocasia tremula has a characteristically northern Caribbean distribution in the Yucatan peninsula and Greater Antilles, except for the anomalous occurrences in western Mexico, Panama, and Venezuela. The species is well separated from its congeners by its larger leaves with verruculose abaxial cuticular wax pattern, elongated petals, large cupulate pistillate disk, and peculiarly thickened style branches. It is nevertheless similar to A. peltata in habit, and these two taxa could perhaps be interpreted as allopatric subspecies of a single species. The occurrence of A. tremula in mainland Nayarit and in western Jalisco is surprising, since these populations are in the same region as A. peltata and markedly disjunct from the nearest eastern Mexican populations in Campeche. The Panamanian plants, although known only from fruiting specimens, appear to represent A. trem-ula, despite obscurity in the cuticular wax pattern. Specimens probably of A. tremula from Venezuela (Lara) were also observed in the herbarium at Barquisimeto, but have not been available for this study. Because A. tremula is evidently an obligate calciphile, some disjunction in its distribution can be expected, since it will be found on limestone soils but not encountered on volcanic soils. Fawcett and Rendle (1919, 1920) Figure  3A , B; 4; 5; 6A.
Shrub 1-5 m high; flowering branches slender, 1-2 mm thick, terete, pale; foliage evidently evergreen. Leaves with stipules 2-5(12) mm long; petiole slender (0.5)0.9-1.7 cm long; blade chartaceous, ovate-or elliptic-lanceolate, distinctly acuminate at the tip, obtuse to rounded and sometimes narrowly peltate at the base, 5-12 cm long, 2.3-5.5 cm broad, pinnately veined with ca. 5-7 straightish laterals on each side, tertiary veinlets more or less scalariform, ultimate veinlets forming squarish areoles; abaxial cuticular pattern pustulate; margins plane; stipels absent. Flowers apparently solitary. Staminate flower: pedicel 4.5-5 mm long; sepals elliptic, somewhat unequal, 1.2-1.4 mm long, 1-1.2 mm broad; petals obovate, 1.5-1.7 mm long, 0.8-1 mm broad; disk entire, nearly flat, 1.3-1.8 mm across; stamens 3, the androecium 0.5-0.7 mm across; staminal column 0.7-0.8 mm high; anthers horizontal, sessile; pistillode sessile, 0.3-0.4 mm across. Pistillate flower: pedicel becoming 25-40 mm long, 0.3 mm medianly, 0.8 mm thick distally; sepals, petals, and gynoecium not seen. Capsule not seen entire; valves ca. 6-7.5 mm long; columella ca. 3.5 mm long; seeds roughened and deeply rugose, yellowish, 3.5-4.3 mm long, 2.7-3.2 mm broad.
Distribution. Restricted to lowland rain forests (below 150 m), northern Guatemala adjacent to Bahia de Amatique. This species is very distinctive because of its strongly acuminate leaves and staminate flowers with only three stamens. The seeds also appear to be more deeply rugose than in other species. Ecologically, A. austinii is very different from its congeners in inhabiting evergreen rain forest instead of monsoonal vegetation.
There is a particularly striking similarity in habit between A. austinii and Meineckia bartlettii, which occurs in drier vegetation in Chiapas and Belize. However, in M. bartlettii the flowers are apetalous and the fruiting pedicel is articulate; furthermore, the staminate androecium has five stamens with stipitate anthers. Despite a similar gestalt, therefore, the two species do not appear to be immediate relatives or even congeners. Nevertheless, this similarity underscores the fact that Meineckia seems to be closer to Astrocasia in general morphological characters than any other genus in tribe Phyllantheae. 
